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ABSTRACT
Young, Leonard Stephen, M.S., Winter 1983 W ild l i fe  Biology
Movements of bald eagles associated with autumn concentrations in  
Glacier National Park (102 pp.)
i rector: B. Riley Me Cl el landD
Movements o f bald eagles ( E a t ' i a e e t u s  t e u o o c e p h a t u s )  
associated with autumn concentrations in Glacier National Park 
were studied during 1979-81. The objectives of the study were 
to describe movements and habitats used by this group of eagles 
and to id e n tify  a conceptual framework fo r management of bald 
eagles and th e ir  habitats a t the regional le v e l.
Twenty eagles were captured and equipped with radio 
transmitters a t Glacier National Park during autumns 1979 and 
1980. Eagles moved south from Glacier through the Flathead and 
Swan valleys of northwestern Montana. Three eagles remained in  
these valleys during w inter, but most continued south through 
eastern Idaho. Wintering areas were documented a t American 
Falls Reservoir on the Snake River, Idaho; the Snake River 
headwaters region of Wyoming, Idaho, and Utah; the Weber River 
Valley , Utah; the Rush Valley, Utah; the Snake River near 
Ontario, Oregon; the Carson Valley, Nevada; and the Klamath 
Basin, Oregon-California. All wintering areas were within the 
Intermountain Region. Sightings of additional eagles equipped 
with colored patagial wing markers at Glacier during autumns 
1977-80 f e l l  predominantly (93%) within the Intermountain Region 
and were made most frequently in areas used by transm itter-  
equipped eagles.
In spring, adult eagles followed converging routes from 
wintering areas to northwestern Montana and continued north 
along the fo o th il ls  of the Rocky Mountains through southern 
Alberta. Near Lesser Slave Lake, A lberta , 2 routes diverged.
Some eagles moved north-northeast toward Lake Claire in Wood 
Buffalo National Park and the east arm of Great Slave Lake, 
Northwest T e rr ito r ie s .  Others moved north-northwest toward the 
west end of Great Slave Lake and Great Bear Lake, N.W.T. Summer 
ranges were documented a t Lake C la ire ; the Taltson River, N.W.T. ; 
Great Slave Lake; and Great Bear Lake.
The most coherent unit fo r  management of bald eagles and 
th e ir  habitats a t the regional level appears to be a broad 
north-south zone, i . e . ,  a flyway. A flyway system that  
transcends international boundaries seems to o ffe r  the greatest 
potential for long-term conservation of the species.
i i  i
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INTRODUCTION
Throughout much of North America, bald eagles {Haliaeetus 
leuQocephalus) undertake long-range movements during the 
nonbreeding season. Movements are most extensive in the in te r io r ,  
where cold temperatures cause decreased food a v a i la b i l i ty  
throughout the breeding range. Movements are less extensive in  
coastal regions, where open water and food are availab le throughout 
the w inter. Wintering eagles congregate where food is abundant; 
they occur in lower densities where i t  is less ava ilab le . Such 
food-based concentrations have been the subject of considerable 
study, which has yielded much of the knowledge of nonbreeding 
ecology (Hansen 1977; Joseph 1977; Krauss 1977; G r i f f in  1978; 
Steenhof 1978 and references therein; Boeker e t a l .  1980, 1981;
Hunt e t a l .  1980; Steenhof e t  a l .  1980; Harmata 1981; Hunt and 
Johnson 1981; Keister 1981; Knight 1981; Stalmaster 1981).
Knowledge of movements between summer and winter ranges and 
within  the winter range remains incomplete. Studies employing 
banding or color-marking techniques have yielded some information 
(Dunstan 1973; Gerrard et a l .  1974, 1978; Postupalsky 1976b;
G r i f f in  e t a l .  1980). Broley's (1947) early  banding studies in  
Florida and Servheen and English's (1979) study of dispersal of 
re h a b il i ta ted  eagles in western Washington are the most d e f in it iv e  
of such works. Additional information has come from telemetry 
studies o f dispersal of juvenile  eagles (Harper and Dunstan 1976;
M. McCullough, pers. comm.), but the most complete information
1
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has resulted from studies of local w inter ecology in which the 
investigators followed eagles departing the wintering areas 
(Boeker e t a l .  1980, 1981; Hunt e t a l .  1980; Harmata 1981; Hunt 
and Johnson 1981). C o llective ly  these studies represent a 
substantial amount o f information, and much speculation on long- 
range movements has resulted. However, no comprehensive study 
has focused prim arily  on long-range movements of bald eagles.
Management concern fo r the bald eagle has increased dramatically  
in the la s t  decade. This high level of concern has been the 
product o f several factors: (1) Bald eagle populations in the
conterminous United States declined rapidly during the 1940's to 
early 1970's due to reproductive fa i lu re  caused by accumulation 
of chlorinated hydrocarbon pesticides (Sprunt e t a l .  1973); (2)
This decline has been compounded by habitat destruction and 
encroachment and by shooting, poisoning, and other forms of 
human-related m orta lity  (Coon e t a l .  1970); (3) These trends led 
to l is t in g  of the "southern" bald eagle as Endangered in  
1967 and the "northern" bald eagle as Endangered in most states 
and Threatened in 5 states in 1978 (U.S. Fish and W ild l i fe  Service 
1978); (4) The bald eagle is a la rge , majestic bird that appeals 
to many Americans; (5) The national symbol aspect of the eagle 
has been successfully used to engender fu rther public and p o li t ic a l  
support fo r  conservation measures (Graham 1976, Marshall and 
Nickerson 1976, Dunstan 1978); (6) There is a general trend of 
increasing recognition and appreciation of non-game w i ld l i fe  
(Lyons 1982).
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Many habitat management guidelines, such as vegetation buffer  
zones and human a c t iv i ty  re s tr ic t io n s , have been developed and 
implemented (Forbis e t a l .  1977, Stalmaster and Newman 1978,
Steenhof 1978, Goold 1981, Steenhof e t a l .  1982). However, 
management of populations and habitats has proceeded from a local 
perspective because information has been lacking on the spatial and 
temporal relationships among a l l  habitats used during the annual 
cycle. In th is paper I report the results of a study of movements 
of bald eagles associated with autumn concentrations in Glacier  
National Park. My objectives were to describe movements and 
habitats used by this group of eagles and to id e n tify  a conceptual 
framework fo r management of bald eagles and th e ir  habitats at the 
regional le v e l.
Each autumn, bald eagles congregate on lower McDonald Creek 
in Glacier National Park to feed on kokanee salmon [Onoorhynahus 
nerka) , Kokanee are a landlocked race of the Pacific sockeye 
salmon and were introduced to Flathead Lake, 96 km downstream from 
Glacier (F ig . 1 ) ,  in 1916. They spend the period from fry-stage  
to maturity in the lake; in the autumn of the 4th year they run 
up the Flathead River to spawn in lower McDonald Creek. A fter  
spawning, kokanee weaken and d ie , becoming availab le  to eagles and 
other scavengers. Kokanee average about .25 kg and 30 cm in length. 
Eagles begin to arrive  a t lower McDonald Creek in mid-September.
Numbers build gradually to a peak in mid-November and then decline 
rapid ly  as the a v a i la b i l i ty  of salmon drops o f f  sharply. Few 
eagles are l e f t  by mid-December. Eagles were f i r s t  noted on lower
Figure 1 .— Glacier National Park and the upper Flathead Valley ,  
Montana.
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McDonald Creek in 1939; however, i t  was not u ntil the 1960's that 
large numbers were observed. During autumns 1977-80 the mean 
peak count was 489 eagles. McClelland e t  a l .  (1981) discussed the 
orig in  and growth o f the concentration and varia tion  in the number 
of eagles. Shea (1973) summarized behavior of eagles and suggested 
management guidelines fo r the lower McDonald Creek area, many of 
which were subsequently adopted (McClelland 1981). Short notes on 
the concentration have been published by McClelland (1973) and 
Shea (1978).
ACKNOWLEDGMENTS
Financial support was provided by the U.S. Department of 
the In te r io r  (ÜSDI), National Park Service (NPS) research units 
a t the University of Wyoming, Laramie and a t Glacier National Park 
(GNP); a Mclntire-Stennis grant; the National Audubon Society; 
the W ild l i fe  Management In s t itu te  (WMI); the American Petroleum 
In s t itu te ;  the Montana Cooperative W ild l i fe  Research Unit (CWRU)
— USDI, U.S. Fish and W ild l i fe  Service (USFWS); University of 
Montana (UM); Montana Department of Fish, W ild l i fe  and Parks; and 
WMI cooperating — ; the USFWS, Office of Endangered Species; the 
School of Forestry, UM; the Montana Forest and Conservation 
Experiment Station; and Sigma X i . Cooperative assistance equivalent 
to a major cash grant was provided by the Alberta Division of Fish 
and W ild l i fe  (ADFW). High levels of cooperative assistance were 
also provided by the USDI, Bureau of Reclamation, Lower Missouri
6
Region (BR-LMR); Parks Canada, Wood Buffalo National Park (WBNP); 
the Colorado Division of W ild l i fe  (COW); the Utah Division of  
W ild l i fe  Resources (UDWR); the USDI, Bureau o f Land Management 
(BLM); Echo Bay Mines, L td .; and the Idaho Department o f Fish 
and Game (IDFG).
I could not have completed this work without the assistance 
of the other members of the Glacier National Park bald eagle 
research team. They shared my commitment to the study and gave 
of themselves and th e ir  personal resources to make i t  a success.
Truly, th is  has been th e ir  work as well as mine. Riley McClelland 
has offered guidance and support ever since I arrived in Montana.
He conceived of th is study and has worked closely with me during 
the la s t  3 years. H arr ie t Allen and Jay Crenshaw contributed 
assistance of the highest q u a lity  fo r  l i t t l e  more than subsistence.
Each is an outstanding professional with whom I am very fortunate  
to have worked. Pat McClelland volunteered vast amounts of her 
time and contributed professional-quality  assistance in the f ie ld .
I am indebted to Dave Shea for his pioneering work in capturing 
and color-marking bald eagles; i t  was much easier and more pleasant 
to work with methods that were t r ie d  and proven. Betsy Spettigue 
was a member of the research team during part o f the study, and 
i ts  success re flec ts  many of her thoughts and suggestions.
I g ra te fu lly  acknowledge H arr ie t A llen , Joe B a ll ,  Dick Hutto,
Riley McClelland, and Karen Steenhof fo r reviews of d raft  
manuscripts, and committee members Joe B a ll ,  Dick Hutto, Riley 
McClelland, and Lee Metzgar for assistance provided throughout my
7
graduate program, I thank Dave Beaty, Boyd Hansen, and the en tire  
s ta f f  o f fe lo n ies . Inc. fo r  custom electronics that functioned 
perfec tly  under a wide range of adverse conditions, and fo r prompt, 
e f f ic ie n t  service of equipment that was constantly in use and 
scattered across the continent. Special thanks to Dave Beaty,
Tom Dunstan, A1 Harmata, Grainger Hunt, Robert Kenward, Mark 
McCullough, and Chris Servheen fo r comments and discussion on 
telemetry methods, and to B i l l  Robinson and Chris Servheen for  
assistance during development of the attachment method. I am 
grateful fo r hundreds of hours of safe, s k i l l f u l  f ly ing  by the 
p ilo ts  of government agencies and private a ir -c h a rte r  services 
throughout western North America. Special thanks to Mike Strand,
Strand Aviation, K a lis p e ll ,  Montana; B i l l  Tubbs, Hamilton Flying 
Service, Hamilton, Montana; B i l l  Werner, El Aero F light Services,
Elko, Nevada; and Kim Wheaton, Alberta Government F light Services 
(AGFS), Edmonton.
Several people assisted my work at Glacier National Park.
C l i f f  Martinka gave me the fu l l  support of the Research Division. 
Research biologists Leo Marnell and Kathy McArthur assisted in 
many ways. In te rp re tive  and law enforcement personnel Kathy 
Ahlenslager, Oakley B la ir ,  Joe Decker, Steve Frye, Wayne Olson,
Art Sedlack, and especially Becky Williams were v i ta l  in coordinating 
autumn v is i to r  use with my research needs. Becky Williams also 
assisted with f ie ld  work in Canada.
Several b iologists supported my work from the beginning and 
were instrumental in providing assistance of many forms. I thank:
8
Bob Anthony, Oregon CWRU, C orvallis ; A1 Cook, ADFW, Edmonton;
Lynn Fisher, BR-LMR, Denver, Colorado; Rick Frenzel, Oregon CWRU, 
Corvallis ; Nancy Green, BLM, Grand Junction, Colorado; Jim Greer, 
North Dakota State University , Fargo; Jim Hartman, BR-LMR, Casper, 
Wyoming; Larry Jahn, WMI, Washington, D.C.; Chuck Jonkel , UM, 
Missoula; Ron Joseph, USFWS, Sa lt Lake C ity , Utah; Bob Klaver,
USDI, Bureau of Indian A f fa irs ,  Ronan, Montana; Tom Lytle , CDW, 
Grand Junction; Gordy Masson, WBNP, Fort Smith, Northwest 
T e rr ito r ie s ;  Joe Murphy, Brigham Young University (BYU), Provo, 
Utah; Carter Niemeyer, USFWS, Helena, Montana; Bart O'Gara, Montana 
CWRU, Missoula; Karen Steenhof, BLM, Boise, Idaho; Steve Thompson, 
USFWS, Burns, Oregon; and Phil Wagner, UDWR, Salt Lake City.
The contributions o f many others are too lengthy to d e ta i l ,  
but were essential to the success o f the study. I thank;
A lberta . — Ursula Banasch, Canadian W ild l i fe  Service, Edmonton;
Gary Erickson, ADFW, Edmonton; Pete Langille , Contact Airways, Ltd. 
Fort McMurray; Rick and Linda Lonnen, High River; Myrna Rahn,
AGFS, Edmonton; Keith and Shirley Shaw, Cardston; Jack, P h y llis ,  
Carmen, Brad, Lindsey, and Kevin Shier, Cayley; Terry Smith,
Alberta Division of Forestry, Slave Lake; Rick Sywolos, Sundance 
Aviation, L td . ,  Whitecourt; Terry Wendland, ADFW, Fort McMurray; 
Alan Wisely, ADFW, Calgary; and B i l l  Wishart, ADFW, Edmonton. 
Colorado. — Joe Frothingham, CDW, Grand Junction; A1 Harmata,
Montana State University , Bozeman; Babette T u lly ,  CDW, Grand 
Junction; and Susan Werner, BLM, Montrose. Idaho.--Leonard, 
P h y llis , and Don Dalton, Pingree; Jay Gore, USFWS, Boise;
Fenton Hayes, IDFG, American Falls ; Rich Howard, USFWS, Boise;
Evie M e r r i l l ,  IDFG, Grace; Hadley Roberts, U.S. Department of 
Agriculture, Forest Service (USFS), Salmon; and Chuck Trost,
Idaho State University , Pocatello. Montana, — Robin Bown, Missoula; 
Ursula Mattson, Lakeside; Bob and Lauri Muth, Creston; Jack and Pat 
Taylor, Lakeside; and Rick and Nancy Trembath, Bigfork. Nebraska. - -  
Greg W ingfield, Nebraska Game and Parks Commission, North P la tte .  
Nevada. — Debra Beck, BLM, Elko; Doyle Hanks, USFS, Carson City;
Gary Herron, Nevada Department of W ild l i fe ,  Reno; Dale McKnight,
USFS, Carson C ity; Marcus M i l le r ,  BLM, Elko; and Alan Page, BLM,
Elko. Northwest Terri to r ie s .--Doug Anions, A1 Gibbs, and Bernie 
L ie f f ,  WBNP, Fort Smith. Oregon. —John Comely, USFWS, Burns; Heidi 
Haid, USFS, Baker; George Keister, Oregon CWRU, Corvallis ; Tim M i l le r ,  
U.S. Department o f Justice, Office of the U.S. Attorney General, 
Portland; and Ralph Opp, ODFW, Klamath Fa lls . Utah.- -S h ir le y  Badame, 
USFS, S a lt Lake City; Bob Benton, BLM, Salt Lake C ity ; Bob Jensen,
BLM, Vernal; Cal McCluskey, BLM, Salt Lake City; Tom Rettberg, UDWR, 
S alt Lake C ity; Ann Talbot, BYU, Provo; Bruce Wagner, BLM, Salt Lake 
City; and Dave Zolunardo, BLM, Vernal, Washington.--Grainger Hunt, 
Biosystems Analysis, In c .,  San Francisco, C a lifo rn ia ; Brenda Johnson, 
Biosystems Analysis, In c .,  San Francisco, C a lifo rn ia ; and Rick Knight, 
Washington Department of Game, Olympia. Wyoming. —B il l  Cheney, Casper.
Dusty Gould, Karen Kaley, Angie Kirby, Pat Murphy, Chris Orr,
Laura Piute, Judy Revere, Doreen Sabol, Wilma Spence, and "Ginger" 
Schwarz, UM, and Judy Jennings and Nancy McCoy, GNP, provided 
c le r ic a l support and dealt e f f ic ie n t ly  with the many administrative
10
problems encountered in a study o f th is magnitude. Special thanks 
to Chris Orr fo r  assistance in typing d ra fts .
F in a lly ,  I would l ik e  to thank a l l  my friends and colleagues 
in western North America, many of whom are acknowledged above, 
for the warmth and h o s p ita lity  they shared with me and the other 
members of the research team in th e ir  homes, and fo r th e ir  
friendship , which was so inspirational during many long months 
in the f ie ld .
STUDY AREA
Glacier National Park, the south unit of Waterton-Glacier  
International Peace Park, is situated in northwestern Montana 
adjacent to the Canadian border (Fig. 1 ). Upper McDonald Creek 
and i t s  tr ib u ta r ie s  drain the west slope of the Continental 
Divide (which bisects the park) and flow into Lake McDonald 
(F ig . 2 ) .  Lower McDonald Creek runs fo r  4 km from the lake o u tle t  
to the Middle Fork o f the Flathead River, which forms the Park's 
southwestern boundary. The Flathead River eventually flows into  
the Clark Fork of the Columbia River and ultim ately  the Pacific  
Ocean. Lower McDonald Creek is a series of deep pools and shallow 
r i f f l e s  (F ig . 3 ). Gravel bars are adjacent to most r i f f l e s .
Vegetation around the creek consists o f mixed coniferous forest.  
Lodgepole pine {Pinus contorta) and western larch [harix 
ooQ'ldentalis) are the dominant tree species. Along the creek 
eagles perch in several tree species including lodgepole, larch .
11
A,
Figure 2 .— Lake McDonald and the Continental Divide.
12
Figure 3 . --Lower McDonald Creek.
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Engelmann spruce {Picea engelmarmi'i) ̂ Douglas-fir (Pseudotsuga 
mens'iesi.'i) i  and black cottonwood {Poputus trichocarpa) ,  The 
vegetation of Glacier National Park has been described in detail 
by Habeck (1970). Although Glacier National Park served as the 
geographic nucleus of the study, my research extended over much of 
western North America, from the Beaufort Sea to northern Arizona 
and New Mexico.
METHODS
During autumns 1977 and 1978, eagles were captured a t lower 
McDonald Creek and equipped with colored patagial wing markers.
During autumn 1979 wing marking was continued, and 6 eagles were 
equipped with radio transmitters as a p i lo t  study. During autumn 
1980, 14 eagles were equipped with transm itters, and only those 
eagles were wing-marked. All eagles captured were banded with 
USFWS pop-rivet aluminum bands (No. 9 ) .  Relocations of transm itter-  
equipped eagles comprised most of my data, but sightings and 
recoveries of wing-marked and banded eagles provided supplemental 
information.
Age and Sex Estimation
I estimated age by examination of plumage, and i r i s  and mandible 
color as outlined by Southern (1964, 1967) and refined by Servheen 
(1975). I recognized 3 age classes: juven ile  (hatch -year),
14
subadult (second year to m a tu rity ),  and adult (mature). These 
classes are read ily  discernible and were adequate fo r my purposes:
I expected any age-related differences in movements to be 
apparent among these groups. I estimated sex from culmen length 
as described by Harmata and Stahlecker (1977). I f  the culmen 
was longer than 51.0 mm, I considered the bird a female; i f  
shorter, a male. However, as the authors pointed out, this method 
has not been validated by examination of a large number of eagles 
of known sex. Throughout the te x t the abbreviations J  ( ju v e n ile ) ,
S  (subadult), and A (adu lt) have been used to denote the age 
classes, while M  (male) and F  (female) have been used to denote 
the sexes ( e .g . ,  SF68 denotes the subadult female with wing 
marker number 68).
Capture and Handling
Eagles were captured with padded leg-hold traps set in 
shallow water. I used No. 3 double-spring leg-hold traps 
(V ic to r Animal Trap Co., Oneida, N.Y.) which were padded with 
9.5-mm foam rubber. A s tr ip  of foam rubber was placed along the 
s tr ik e  surface of each jaw and secured with spiral wraps of vinyl 
e le c tr ic a l  tape. Springs were weakened where necessary to reduce 
impact. Padded traps were sprayed with a f l a t  brown primer and 
then hand-painted in a camouflage pattern with model airplane  
paint. Colors and patterns resembled those of stream-bottom gravel. 
Traps were chained together in groups of 3 to provide a weight with
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which an eagle could not f l y .
Trap placement varied depending on bottom contour and water 
depth, but ty p ic a lly  2 groups o f 3 traps were placed in a semicircle  
between the shore and a b a it  (F ig . 4 ) .  Traps were usually placed 
in 10-15 cm o f water. Where water was uniformly shallow, the 6 
traps were placed in a c irc le  around the b a it .  Various f is h ,  
including kokanee, suckers (Catostomus oatostomus) ̂  and cutthroat 
trout {Salmo alavki) ̂ were used as b a it .  One or 2 fish were 
fastened with non-reflective  wire to a 45-cm length of steel pipe, 
which was driven into the streambed. Traps were placed flush with 
the streambed, and a l l  components other than jaws and treadles 
were buried in the streambed or covered with gravel. Traps were 
not fastened to the b a it  stake in most cases. This precluded firm  
resistance to pull against, thereby reducing the chances of an 
eagle pulling out or in juring  i t s e l f  while attempting to escape.
Where traps were placed near deep or fast-flow ing water, a 50-cm 
length of shock cord was used to attach the traps to the stake.
The shock cord prevented the bird from dragging the traps any 
distance but did not o f fe r  firm  resistance due to its  e la s t ic i ty .
Traps were set and baited early in the morning while i t  was 
s t i l l  completely dark. Nocturnal scavengers - -  g r izz ly  bears 
{Ursus avGtos) j  black bears (£/. americanus) ̂ coyotes {Canis latrans) ̂  
mink (Mustela v'ison),  and lynx {Lynx lynx) — prevented us from 
setting traps a f te r  dark the preceding evening. Before f i r s t  l ig h t  
we retreated to a blind overlooking the sets. On most mornings 
8-12 groups of 6 traps were operational. Ocasionally 2 locations
16
Figure 4 . --Trap set used to capture bald eagles.
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were trapped simultaneously. Traps were under continual observation, 
and we used 2-way radios to communicate personnel and equipment 
needs when several eagles were captured. Although 2-6 eagles were 
commonly caught in d if fe re n t  sets at about the same time, no eagle 
was l e f t  in a trap longer than 30 min a f te r  capture.
During autumns 1977-80, 119 bald eagles were captured 
(Table 1 ). The increase in captures over the 4-year period re flec ts  
a concomitant increase in trapping e f fo r t .  The high percent of 
juveniles and subadults re flec ts  both greater wariness of adults 
toward traps and d if fe re n t  prey-capturing techniques of the age 
classes. Adults obtain kokanee prim arily by stooping on floa tin g  
or weakly-swimming fish  and hence are less vulnerable to the capture 
method than are juveniles and subadults, which obtain most of th e ir  
fish by wading. The re la t iv e ly  large number of adults captured 
during 1980 was due to selective trapping for that age class la te  
in the autumn. At the end of the season salmon are scarce, and the 
few eagles remaining at the creek are almost a l l  adults (McClelland 
et a l .  1981). Non-target captures included gulls [ L a r u s  spp .),  
waterfowl, and common ravens ( C o r ^ v u s  c o v a x ) .
An eagle typ ic a lly  landed on the adjacent shore or in the 
shallows, waded toward the b a it ,  and stepped in a trap . Eagles 
struggled for a short period (1-5 min) a f te r  capture and commonly 
dragged traps onto shore. However, a f te r  th is i n i t i a l  period 
eagles became outwardly calm, often adopting a prone position on 
the shore. Eagles resumed attempts to escape a t our approach, often  
dragging traps along the shore and through the shallows. Working in
18
Table 1 .— Age classes of bald eagles captured a t lower McDonald 
Creek, Glacier National Park during autumns 1977-80.
Age Class 1977 1978 1979 1980 Total
Juvenile 2 (20%) 10 (50%) 13 (37%) 27 (50%) 52 (44%)
Subadult 7 (70%) 9 (45%) 20 (57%) 19 (35%) 55 (46%)
Adult 1 (10%) 1 (5%) 2 (6%) 8 (15%) 12 (10%)
Total 10 20 35 54 119
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pairs , we secured and removed eagles from traps. One of us moved 
behind the bird to prevent fu rther movement, and then we both slowly 
approached u n til  we reached the bird simultaneously. Most eagles 
adopted a th rea t posture, with wings outspread and beak open. One 
of us gently folded the wings against the body and held the eagle, 
while the other removed the fe e t from the trap and placed them in a 
soft lea ther pouch which was drawn shut and loosely tied around the 
t a r s i .  The bird was placed on i ts  back on a triangu lar bandage with 
wings pressed against the body, and the ends of the bandage were tied  
over the sternum. The eagle was then hooded, wrapped in a wool 
blanket, and placed on an ensolite pad. Retention of body heat 
during handling was important: temperatures were often a t or below
freezing, and in la te  autumn ice often formed on the feathers 
a f te r  capture. Periodic checks were made to ensure adequate warmth, 
an unobstructed airway, and general comfort.
Wi ng-Marking
Eagles were equipped with colored patagial wing markers cut 
from TXN vinyl-coated nylon (Cooley, In c . ,  Pawtucket, R . I . )  in the 
pattern described by Kochert (1973) (Fig. 5 ). Markers were wrapped 
around the leading edge of the wing and fastened a t the natural 
break between the secondaries and te r t ia r ie s  with a pop-rivet and 
washer. The patagium was not pierced. Markers were yellow in 1977 
and orange during 1978-80. Each marker bore an alphanumeric code 
in black gloss vinyl screen ink (Naz-Dar Co., Chicago, 111.).
20
Figure 5 .— Subadult bald eagle equipped with patagial wing 
markers (photograph by H. A llen ).
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During 1977-79 a l l  eagles captured (65) were wing-marked. In 
1980 only those eagles equipped with radio transmitters (14) were 
wing-marked. All eagles captured were banded with USFWS pop-rivet 
aluminum bands (No. 9 ) .
Reported sightings of marked eagles were classed as positive  
(observer id e n tif ie d  the code), probable (observer confirmed the 
co lo r),  or possible (observer unsure of the co lor). Only positive  
and probable sightings were used in supportive analysis. Possible 
sightings were discarded because o f confusion created by USFWS 
authorization o f s im ila r  colors to geographically-overlapping  
research projects. Sightings o f yellow-marked eagles in which the 
code was not id e n tif ie d  were s im ila r ly  discarded because of 
simultaneous authorization of yellow markers to researchers in 
Colorado.
Telemetry
Eagles were equipped with radio transm itter packages (Telonics, 
In c . ,  Mesa, A r iz . )  that were mounted on the 2 central rectrices  
(F ig . 6 ) .  In 1979, 6 eagles (2 adults , 4 subadults) were equipped 
with a 51-g dorsally-mounted package as a p i lo t  study. In 1980,
14 eagles were equipped with a 56-g package. Seven were mounted 
dorsally (3 adults, 2 subadults, 2 ju v e n ile s ) ,  and 7 were mounted 
ven tra lly  (3 adults, 2 subadults, 2 ju v en ile s ) . The 5-g increase 
in weight was due to the addition of an accessory power cell which 
extended package l i f e  from 6 to 9 mo. Package weights represented
22
Figure 6 .— Radio transm itter package mounted ven tra lly  on the
2 central rectrices of a subadult bald eagle (photograph 
by R. McClelland).
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0.92-1.27% of the body weight of eagles. Package dimensions were 
43 mm (length) x 32 mm (width) x 18 mm (depth), excluding the antenna 
wire. The package contained a sensing element which modified the 
in ter-pu lse  period in response to the position of the package re la t iv e  
to the horizonta l. When an eagle's t a i l ,  and hence the package, was 
within 45' o f horizontal ( f ly in g ,  standing on the ground), the 
in ter-pu lse period was re la t iv e ly  short (700-800 msec). When the ta i l  
was at an angle greater than 45' from horizontal (perching), the 
in ter-pu lse  period was re la t iv e ly  long (1000-1100 msec). The difference  
was read ily  discernible and was useful in locating eagles and 
determining eagle a c t iv i ty .  The package was attached to the rectrices  
via a mounting tab which extended from both ends of the package 
(F ig. 7 ) .  The tab was flared  a t  an angle s im ilar to the natural spread 
of the 2 central t a i l  feathers; the tab's shape was based on tracings 
of the rectrices of captured bald eagles.
The transm itter package was positioned so that the anterior end 
of the mounting tab was approximately 20 mm d is ta l to the rectr ices ' 
fo l l ic le s  (F ig . 7 ) .  This position prevented contact with the 
fo l l ic le s  and allowed the eagle unobstructed access to the uropygial 
gland, while maintaining the package's center of gravity  as close to 
the body as possible fo r optimum weight support and minimal e ffe c t  
on aerodynamics and re c tr ix  function. Four t ie s ,  2 anterior and 2 
posterior to the package, secured the package to the rectrices .
Anterior t ies  were la t e r a l ,  involving both l e f t  and r ig h t central 
rectrices (F ig . 8 ) .  Posterior t ies  were longitudinal and involved 
only 1 re c tr ix  (F ig . 8 ) .  Anterior ties passed around the shaft of
Figure 7 . --Design for attachment of radio transm itter package 
to the 2 central rectrices of a bald eagle.
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1 re c tr ix  and around and through the shaft of the other. Posterior 
t ie s  passed around the shaft only. Piercing the shaft on only 1 of  
the 2 supporting rectrices permitted unobstructed asynchronous 
molting of the 2 feathers , as described by Kenward (1978). The 
antenna wire was tied  to the shaft o f 1 re c tr ix  with 4 evenly-spaced 
t ie s ,  the f i r s t  approximately 20 mm d is ta l to the posterior end of 
the mounting tab and the la s t  approximately 30 mm from the t ip  of the 
feather. In both dorsal and ventral attachments the antenna wire ran 
along the shaft on the ventral side; with dorsal attachments the 
wire was shifted  to the ventral position at the f i r s t  t i e .  All other 
aspects of positioning and attachment were identical fo r dorsal and 
ventral mounting.
Suture material used was V e ta fil  (S. Jackson, In c . ,  Washington, 
D .C .), a synthetic polyfilament compound used in veterinary surgery.
Two diameters of V e ta fil  were used: 0.6 mm (Extra Heavy) for
attaching the package, and 0.4 mm (Medium) for t ie ing  the antenna 
wire to the re c tr ix  shaft. The t ie  used was a square knot on 
top o f a surgeon's knot. The s l ip -re s is ta n t  surgeon's knot removed 
residual slack and temporarily secured the m ateria l; the square knot 
completed the t i e ,  securing the material permanently. All knots 
were bonded with Eastman 910 glue (Eastman-Kodak, In c . ,  Rochester,
N .Y .) ,  a cyanoacrylate adhesive. Eagles were held for 2-3 min 
following attachment to allow the adhesive to dry completely. With 
practice the tota l time needed for attachment was about 25 min.
Relocations were made from vehicles and a i r c r a f t ,  using hand­
held and mounted 2 and 5-element Yagi antennas. During relocation
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f l ig h ts  a Telonics TR-2/TS-1 programmable scanning receiver was 
used when searching for 2 or more eagles simultaneously. Relocation 
f l ig h ts  were conducted ir re g u la r ly ,  as needed. When an eagle moved 
from i ts  previous location and could not be relocated from the 
ground, a relocation f l ig h t  was in i t ia te d  as soon as possible. 
Occasionally we accompanied agency biologists on scheduled eagle 
survey f l ig h ts ,  searching for transmitter-equipped eagles during 
the surveys. In a llocating  my e f fo r t  among eagles and areas, I 
attempted to obtain d a ily  locations of as many d if fe re n t  transm itter-  
equipped eagles as possible. More detailed information on individual 
eagles was collected when compatible with accomplishment of th is  
objective. In spring, emphasis was placed on adult eagles in order 
to locate specific  nest s ite s .
Winter home ranges and use areas were calculated by the minimum 
area method (Dalke 1942, Mohr 1947). I considered th is the most 
appropriate method fo r use in  this study. Eagles flew , soared, and 
hunted a t low a ltitudes  over many of the "peripheral" areas of the 
convex range polygons; th is  figure best represented to ta l eagle 
use of an area. However, only points where an eagle landed on the 
ground, on ic e , or in vegetation were used to derive the polygon 
and to calculate sample s ize .
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AUTUMN-WINTER MOVEMENTS
Glacier National Park
In 1979 a peak count of 516 eagles was recorded on 14 November 
(F ig . 9A). Residencies of transmitter-equipped eagles ranged from 
2-35 days following capture, with a mean of 13.5 days. The mean 
residency o f eagles captured before peak count (13.8 days, n=5) 
was s im ilar to that of the single eagle captured a f te r  peak count 
(12 days). Eagles departed Glacier between 4 November and 5 December. 
Three of 6 departures (50%) occurred before the peak count, suggesting 
considerable turnover of individual eagles a t the concentration.
In 1980 a scarcity  of salmon led to an e a r l ie r  than normal 
peak count of 377 eagles on 5 November (Fig. 98). The depressed peak 
count probably reflected  shorter residencies of individual eagles 
rather than a smaller to ta l number o f eagles passing through the 
park. Residencies of transmitter-equipped eagles ranged from 1-40 
days following capture, with a mean of 10 days. The mean residency 
of eagles captured before peak count (16.6 days, n=7) was s ig n if ica n tly  
longer than that of eagles captured a f te r  peak count (3 .1  days, n=7) 
( t - t e s t ,  P<0.05). This probably re flec ts  the rapid decline of 
availab le  salmon. Eagles arriv in g  in mid or la te  season moved on 
a f te r  only a few days due to the re la t iv e ly  scarce food supply.
Thirteen of 14 departures (93%) occurred a f te r  the early peak count.
Eagles ty p ic a lly  departed the lower McDonald Creek area in 
early  to mid-afternoon. Following intense early morning feeding.
Figure 9 .— Numbers of bald eagles and residencies of tran sm itte r-  
equipped eagles (horizontal bars) during autumns 
1979 (A) and 1980 (B).
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eagles loafed and in te rm itte n tly  fed until about noon, when they 
rose to soar over the area. A fte r soaring fo r varying lengths of 
time, eagles departed Glacier roughly para lle lin g  the Middle Fork 
of the Flathead River to the head of the Flathead Valley (F ig . 1).
Only once did an eagle that had departed the lower McDonald Creek 
area in th is way return during the same season. SF68 departed on 
21 October 1980 but returned on 5 November a f te r  a 14-day period 
spent on Hungry Horse Reservoir, an impoundment o f the South Fork 
of the Flathead River, 24-64 km south of Glacier (F ig . 1 ). Five 
days la te r ,  on 9 November, she departed fo r the second and fina l  
time that season.
Northwestern Montana
From the head of the Flathead Valley eagles moved south 
along 2 major routes. Eagles e ith e r  continued d ire c t ly  south down 
the Flathead Valley or moved down the Swan Valley, which diverges 
south-southeast (F ig. 10). The 2 valleys run roughly para lle l for  
approximately 80 km, separated by the Mission Range. The Swan 
Valley eventually leads into the Blackfoot Valley. Each of these 
valleys holds a low to moderate number of bald eagles during the 
winter (Flathead -  70-100, Swan/Blackfoot -  20-25; estimates from 
Servheen 1979, 1980, 1981 and personal observations). In 1979,
3 eagles moved down the Flathead, 1 moved down the Swan, and the 
exact route of the other 2 was undetermined. In 1980, 6 eagles 
moved down the Flathead, 4 moved down the Swan, and the exact route
Figure 10.--Movements of adult { • ) ,  subadult ( A ) ,  and juvenile  ( ■ )  
bald eagles through northwestern Montana. Points 
represent the f i r s t  relocation farther than 50 km 
from Glacier National Park.
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of the other 4 was undetermined.
These valleys proved to be terminal wintering areas fo r 3 
eagles. On 5 December 1979, AF64 moved south from Glacier to 
Flathead Lake. From 6-13 December she remained a t the south end 
of the lake, feeding on waterfowl in the east shore bays and 
roosting on the west slope of the Missions. On 14 December she 
crossed the Mission Range and moved northeastward to Swan Lake.
She remained in the Swan Valley until 12 March 1980, feeding on 
waterfowl near the lake in le t  until freeze-up, then moving farther  
south along the Swan River. While in the Swan Valley she roosted 
in riparian  cottonwoods and occasionally on the east slope of the 
Missions. On 13 March she moved back to the Flathead Valley and 
ranged over the north end of the lake and the r iv e r  north of the 
lake until 29 March, when she began northward movement.
On 22 October 1980 the f i r s t  transmitter-equipped eagle to 
depart G lacier, SF66, moved into the Swan Valley, She remained in 
the va lley  un til la te  February, when she moved onto the Flathead 
River north o f the lake. She remained there until spring.
AF77 departed Glacier on 30 November 1980 and by mid-December 
had moved into the Blackfoot Valley. She remained in the va lley  
until  19 March 1981, when she began northward movement. During 
the w inter she ranged over much of the eastern va lle y , but used 
a re la t iv e ly  small area on and adjacent to Nevada Creek, a tr ib u ta ry  
of the Blackfoot, most heavily (F ig . 11). Here she fed on livestock  
carrion and roosted in riparian  cottonwoods. Several other eagles 
also exploited this food source, including SF24, marked a t Glacier
kilometres
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Figure 11.—Winter home range of bald eagle AF77 (454 sq km) in the
Blackfoot Valley, Montana, 1980-81. Some points represent 
more than one relocation (n=103).
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in autumn 1978.
Eastern Idaho
Most eagles continued south through western Montana to 
eastern Idaho (F ig . 12). Two areas in eastern Idaho were p art ic u la r ly  
important to eagles. The f i r s t  was the American Falls Reservoir 
v ic in i ty  of the Snake River in southeastern Idaho. Above the 
reservoir the r iv e r  is slow-moving and consists of many braided, 
interconnecting channels. The islands formed by these channels 
and the r iv e r  banks are densely vegetated with black cottonwood.
In many areas along the outer banks, c a tt le  grazing has curta iled  
cottonwood regeneration. Most island cottonwood stands are 
m ultistoried and uneven-aged, while stands along the outer banks 
consist la rge ly  of mature and overmature trees. The shore of the 
reservoir i t s e l f  is more sparsely vegetated with isolated clumps 
of cottonwoods and shrubs. The uplands surrounding the reservoir 
and the r iv e r  are a r id ; the predominant vegetation is sagebrush 
{ A r t e m i s i a  spp .). Each w in ter, thousands of migrant waterfowl 
congregate on the reservoir in areas of open water, and 50-100 
bald eagles are present during most winters (K. Steenhof, C. Trost, 
pers. comms.). The adjacent uplands support a dense population of  
b la ck -ta ile d  jackrabbits {Lepus californicus) , Eagles wintering  
at the reservoir sometimes forage for jackrabbits in the uplands, 
p a r t ic u la r ly  during years when the jackrabbit population is at a 
cyclic  high (R. Howard, pers. comm.).
Figure 12 .—Movements o f bald eagles through western Montana to 
eastern Idaho. .Points represent re locations; lines  
represent in ferred  movements between points.
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Winter 1980 was m ild, and most of the reservoir remained 
ic e -fre e  throughout the w inter. Two transmitter-equipped eagles 
spent up to 4 weeks here, and a t  least 3 others passed through the 
area en route to wintering areas. JM72 ranged near the reservoir  
in le t  during early January to early February, hunting over the 
upper end of the reservoir and roosting in cottonwoods on McTucker 
Island, 2 km upstream from the in le t  (F ig. 13). Most eagles that  
used the upper end of the reservoir roosted communally on McTucker 
Island. Smaller groups roosted a t  the north t ip  of the reservoir 
and on the Springfie ld  Bird Haven, 2 km north of the reservoir  
(F ig . 13). AF79 ranged between the in le t  and the T il  den Bridge 
area, 20 km upstream, during mid to la te  March (F ig . 13). She 
used the area 1-6 km upstream from T il  den Bridge most heavily , 
fishing from and roosting in riparian  cottonwoods. Several other 
eagles also used th is stretch of r iv e r  during this time.
The 3 other transmitter-equipped eagles (JM67, JF69, and SF71) 
e ith er passed through the area without stopping or spent 1 to 
several days before proceeding to wintering areas. These observations 
suggest that many more than 50-100 eagles use the area each winter. 
Although the maximum number present a t  any one time may not exceed 
th is estimate, there appears to be considerable turnover of the 
population. The to ta l number of eagles present on a given day 
probably re f le c ts  both a small core wintering population and a 
variab le  number of transients.
The second area o f p artic u la r importance was the North Fork 
o f the Salmon River. SF76 remained on the North Fork near Challis
Figure 13.--American Falls Reservoir and the Snake River, Idaho, 
showing areas used by bald eagles JM72 (A,  4 sq km, 
n=12) and AF79 ( #  , 27 sq km, n=32) during winter 
1980-81. Some points represent more than one relocation. 
Open circles indicate communal roosts.
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from mid-December 1980 to mid-January 1981 before proceeding to 
her terminal wintering area in Nevada. During this time she 
fished along a 7-km stretch o f r iv e r  east of Challis and roosted 
in  r ip ar ian  cottonwoods on the r iv e r  or an adjacent slough. By 
12 January she had moved to the Middle Fork of the Salmon, west 
of Challis (F ig . 12); th is  was her la s t  location in the area.
SF68 spent 9-10 December on the r iv e r  near North Fork before moving 
southwest, and AM70 may also have moved south to the North Fork 
before diverging southwest to Oregon. Other transmitter-equipped 
eagles may have moved down the North Fork corridor en route to 
southeastern Idaho. The Lemhi, Pahsimeroi, and Lost River valleys  
provide natural corridors fo r  movement from the North Fork to 
southeastern Idaho, while the Salmon and i ts  tr ib u ta r ies  provide 
corridors to the west and southwest (F ig . 12).
Snake River Headwaters
On 5 December 1980, 10 days a f te r  leaving Glacier, AF75 was 
relocated on the Henry's Fork of the Snake River between Island 
Park Reservoir and Henry's Lake (Fig. 14). During 6-19 December 
she moved gradually south to Palisades Reservoir, then up the Salt  
and Bear River valleys to Woodruff Narrows Reservoir. She remained 
in th is  area un til  23 December, using a tra d it io n a l communal roost 
in r ip a r ia n  cottonwoods on the Bear River, 2 km north of the 
reservo ir . Roost counts indicated that 15-25 eagles were present 
a t  th is  time. In w inter 1979-80 the population increased from a
Figure 14.--Movements of bald eagles in the Snake River headwaters 
region of Idaho, Wyoming, and Utah. Points represent 
relocations; lines represent inferred movements between 
poi n ts .
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s im ila r  level in la te  December to a peak of 124 eagles on 27 
March (Jenkins 1980). As a t American Falls Reservoir, a small 
core wintering population may be augmented by transients that use 
the Woodruff Narrows area for short periods. The la te  winter 
peak count suggests that the number of transients is highest in  
la te  w in ter, when many eagles may use the area for a short time 
during northward movement.
JF69 had moved up the Snake River to Palisades Reservoir by 
5 December 1980, a f te r  passing through the American Falls Reservoir 
area in la te  November (Fig. 14). On 6 December she moved south 
to Bear Lake. She was la s t  observed in the area on 8 December,
10 km south o f the lake. Neither AF75 nor JF69 was relocated until  
spring, although the states in which projected lines o f travel f e l l  
(Utah, Wyoming, and Colorado) were thoroughly searched from the a i r .
AF74 passed through the headwaters area during southward 
movement (F ig . 14). She was located near the confluence of the 
Henry's Fork and the mainstream Snake on 26 November, 4 days a f te r  
leaving Glacier National Park.
Utah
On 9 December 1980, 3 eagles were relocated a t wintering  
areas in Utah. All had passed through southeastern Idaho during 
mid to la te  November. JF71 had moved into the Weber River Valley  
near Echo Reservoir, where she remained until early  February 
(F ig . 15). JM67 and AF74 had moved into the Rush Valley (F ig . 15).
Figure 15 .—Movements of bald eagles from southeastern Idaho to 
Utah. Points represent relocations; lines represent 
inferred movements between points. Open c irc les  
indicate wintering areas.
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Each w in ter, 90-135 bald eagles are present in the Rush and 
Cedar va lleys , the majority in the Rush Valley (Edwards 1969,
P la tt  1976, Joseph 1977). The valleys are high-elevation cold- 
desert th at is dominated by shrubs such as sagebrush, shadscale 
i^Atvvglex oonfert'ùfot'ùa) 9 rabbitbrush {Chrysothamnus spp .), and 
greasewood (Saroobatus vermicutatus) , Mountain ranges rise  
sharply from the va lley floors (Fig. 16). Pinon pine {Pinus 
monophytta) 9 juniper {Juri'Cperus osteosperma) 9 Gambel's oak 
(Queraus gambelH) 9 and mountain mahogany {Cercoeavpus tedifol'Cus) 
occur on the lower slopes, and Douglas-fir occurs at higher 
elevations. Eagles feed almost exclusively on hunter-k illed  
b lack -ta iled  jackrabbits (P la t t  1976). Hundreds of hunters from 
population centers along the Wasatch Front hunt the valleys during 
the w inter. Almost a l l  carcasses are unretrieved; this creates an 
abundant supply o f carrion fo r eagles.
Both JM67 and AF74 predominantly used the south end o f the 
Rush Valley during the w inter (F ig , 17). JM67's a c t iv i ty  centered 
around a tra d it ion a l communal roost 3 km southeast o f Vernon, an 
isolated clump o f black willows {Salix n'igra) on the valley f lo o r  
(F ig . 18). He also used a minor communal roost a t  a s im ilar clump 
of willows 2 km north of the major roost. The major roost was 
used by 25-55 eagles on most nights, while the minor roost was 
used by 5-10 eagles. Eagles also used the roosts during the day.
During the only heavy snowstorm o f w inter 1980-81 (29-31 
January), 7-14 eagles roosted at Vernon. Prior to the storm the 
roosting aggregation had b u i l t  to a peak of 64 eagles on 23 January,
X.
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Figure 16 .— Rush V a lley , Utah.
Figure 17,—Southern Rush Valley , Utah, showing winter home range 
of bald eagle JM67 ( A ,  103 sq km, n=91) and area used 
most heavily by bald eagle AF74 ( • ) during w inter  
1980-81. Some points represent more than one re location.  
Open c irc les indicate communal roosts.
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Figure 18 .— Communal roost near Vernon, Utah.
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and on the 3 nights immediately a f te r  the storm, 30-53 eagles used 
the roost. During the storm JM67, which had roosted at Vernon a l l  
but 1 night during December and January, roosted in Red Pine Canyon 
of the Sheeprock Mountains, 11 km west of Vernon (F ig . 17). On 
1 February, the day a f te r  the storm, he returned to Vernon, where he 
roosted each night until he l e f t  the valley on 14 February.
Evacuation o f the exposed valley f lo o r roosts during harsh weather 
has been noted by other workers (Edwards 1969, Joseph 1977). Movements 
of bald eagles among roosts in response to weather has also been 
observed on the Mississippi River (Fischer and Osterfeld 1981).
AF74 exhibited more v a r ia b i l i ty  in a c t iv i ty .  On most nights 
she roosted a t e ith e r  the major Vernon roost or a t a second 
t ra d it io n a l communal roost in the T in t ic  Mountains, a high-elevation  
stand of Douglas-fir a t  the top of Black Rock Canyon (F ig , 17).
She also occasionally roosted singly in other canyons close to 
Black Rock Canyon, and during 26 February to 7 March she roosted 
with a small group of eagles on the east slope of the Vernon H il ls  
(F ig . 17). She sojourned fa r th e r  south during 4-21 February, 
ranging down the T in t ic  Valley past the Sevier River (Fig. 19). During 
th is time she roosted in a clump of cottonwoods near McIntyre with
5-15 other eagles and singly a t various locations in the T in t ic
Mountains. She returned to the Rush Valley on 22 February and 
remained there u n til  s ta rt ing  northward movement on 9 March.
SM58, marked a t Glacier during autumn 1979, was also present in
the southern Rush Valley during the w inter. On some nights a l l  3
marked eagles (SM58, JM67, and AF74) perched on adjacent branches a t
Figure 19.—Winter home range of bald eagle AF74 (2023 sq km)
in the Rush and T in t ic  va lleys , Utah, 1980-81. Only 
outermost points are shown (n=178).
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the major Vernon roost. SM25, marked a t Glacier in autumn 1978, 
was observed a t  a tra d it io n a l communal roost in the Cedar Valley  
on 10 February 1981.
Western Snake River
SF68 was relocated on the Snake River 4.5 km south of Ontario, 
Oregon on 9 January 1981 (F ig . 20). She had moved west from the 
Salmon River on 11 December 1980. She remained on the Snake River 
near Ontario u n til  20 January, when she was shot and k i l le d  on an 
island in the r iv e r^ . During th is time she hunted along the r iv e r  
and roosted in r iparian  cottonwoods.
Western Nevada
SF76 was relocated in the Carson V a lley , Nevada on 11 February
^On 24 January 1981, H. Allen and ODFW agents recovered SF68's 
carcass, which had been buried in a dump beneath rubbish and scrap 
metal. The patagial markers had been removed from the wings, but 
the transm itter package was s t i l l  attached and functioning. This 
resulted in an USFWS investigation and a prosecution by the U.S. 
Attorney's Office for v io la tion  of the Bald Eagle Protection Act 
(1940). The defendant pled g u ilty  and received a $2500 fine  and a 
30-day suspended j a i l  sentence, the most severe penalty ever levied  
fo r  the k i l l in g  of a single eagle.
Figure 20 .--Westward movements of bald eagles from eastern Idaho.
Points represent relocations; lines represent inferred  
movements between points. Open c irc les  indicate  
wintering areas.
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1981 (F ig . 20). She had moved west from the Salmon River on 12 
January. She remained in the area a t least until 6 March, when 
observation was discontinued. During th is time she ranged along 
the Nevada-California border between the Carson Valley and the 
Topaz Lake area, using the area near Mud Lake in the Carson Valley 
most heavily (Fig. 21). Fifteen to 20 bald eagles were present in 
the Mud Lake area a t th is time, feeding prim arily  on s t i l lb o rn  
c a lf  carcasses and a f te rb ir th s . Almost a l l  were subadults and 
juven iles . This concentration was the largest ever observed 
in Nevada (G. Herron, pers. comm.). During 1974-79 a mean of only 
39 bald eagles was counted in the en tire  state during mid-winter 
surveys (Herron 1979). SF76 roosted singly on most nights but 
twice roosted with a small group of eagles in Fay Canyon, at the 
foot o f the Carson Range. While near Topaz Lake she roosted singly  
on the east slope of the Gray H i l ls .
Klamath Basin
AM70 was relocated in the Klamath Basin, Oregon-California 
on 14 February 1981 (F ig . 20). He had la s t  been located at the 
south end of the Flathead Valley on 12 November 1980. The Klamath 
Basin contains approximately 15,000 ha of wetlands. Over 80% of the 
waterfowl of the Pacific  Flyway move through the basin during 
autumn and spring migrations; peak numbers reach 1,000,000 waterfowl 
(U.S. Fish and W ild l i fe  Service 1980). Each w in ter, 500-600 bald 
eagles congregate in the basin (Krauss 1977, Keister 1981). Eagles
Figure 21 .— Carson Valley, Nevada, showing area used by bald eagle 
SF76 (242 sq km) during 11 February -  5 March 1981. 
Some points represent more than one re location (n=37). 
Open c irc les indicate communal roosts.
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feed prim arily  on waterfowl, p a rt ic u la r ly  snow and Ross' geese 
(Chen oaemXlesQens ̂ C, ’Possi'i)\ tundra swans (Cygnus ootioTibianus), 
and other species that die of avian cholera (R. Frenzel, pers. comm.). 
Eagles also feed extensively on montane voles (Miorotus montanus),
During winter many agricu ltura l lands are flooded to reduce the 
amount of i r r ig a t io n  required during the growing season. Flooding 
forces tens of thousands of voles up out of th e ir  subterranean 
burrows, making them availab le to eagles and other predators. As 
many as 200 eagles may congregate in a single f ie ld  to feed on voles 
(G. Keister, pers, comm.). Eagles hunt from the ground, following  
the w aterline as i t  advances across a f i e ld ,  and catch voles by 
running and f lu t te r in g  along the ground. Gulls, northern harriers  
iciraus cyaneus) ̂ common ravens, and great blue herons {Ardea 
herodias) are common foraging associates.
Eagles s h i f t  foraging and roosting areas in response to prey 
concentrations (Keister 1981). Waterfowl d is tr ibu tion  changes 
during the w inter in response to the d is tr ibu tion  of open water, 
and the a v a i la b i l i ty  of voles is determined by flooding schedules.
Most eagles roost communally in tra d it io n a l roosts. All roosts 
are in stands of old-growth conifers on slopes and ridges above 
the basin f lo o r .  The number of eagles using a p articu la r roost 
fluctuates in response to the a v a i la b i l i ty  of prey in the v ic in i ty  
of the roost (Keister 1981).
AM70 ranged widely throughout the basin from 14-21 February, 
roosting a t the Mount Dome and Bear Valley communal roosts and on 
a forested ridge west of the Running-Y Ranch, near the southwest
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end of Upper Klamath Lake (F ig . 22). Voles were temporarily 
availab le  on flooded pasture!ands a t the ranch a t this time, and 
25-50 eagles used the area. When in the lower basin AM7Ü fed on 
both waterfowl and voles. On 21 February he was part o f a group 
of 97 eagles feeding on voles in a f ie ld  adjacent to Lower Klamath 
Lake. He moved to A lkali Lake on 22 February, where he remained 
u ntil leaving the basin on 8 March. At A lka li Lake approximately 
90 eagles fed on ch o lera -k illed  geese and swans. Most roosted in 
small groups on forested ridges northeast of the lake. AM70 roosted 
with 10-25 other eagles a t Rocky Canyon Creek, 13 km northeast of 
the lake (F ig . 22). Eagles arrived a t  the lake starting  a t f i r s t  
l ig h t ,  fed intensely in the early morning on waterfowl that had 
died during the n ight, and loafed during la te  morning to mid-day. 
Starting in the early  afternoon, eagles flew back to roosts singly  
or in 2's and 3 's .  Most eagles had departed for roosts by la te  
afternoon.
WINTER DISTRIBUTION
All wintering areas of transmitter-equipped eagles were w ithin  
the Intermountain Region, west of the Continental Divide and east of 
the Cascade and S ierra Nevada ranges (F ig . 23). Twenty-five of 27 
(93%) observations of wing-marked eagles were within the Intermountain 
Region, and none occurred farther south than the southernmost location  
of a transmitter-equipped eagle (Fig. 24). Six of 8 (75%) discarded 
(possible) sightings were within the Intermountain Region. Observations
Figure 22 .--Klamath Basin, Oregon-Californla, showing area used 
by bald eagle AM70 (2471 sq km) during 14 February - 
7 March 1981. Some points represent more than one 
relocation (n=50). Open c irc les  ind icate  communal 
roosts.
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were made most frequently in the areas used by transmitter-equipped  
eagles: 8 in the valleys of northwestern Montana; 3 on and near
the North Fork of the Salmon River in eastern Idaho; 4 in southeastern 
Idaho (2 on American Falls Reservoir); 2 in the Rush and Cedar 
va lleys , Utah; and 2 in the Carson Valley , Nevada (F ig . 24).
AM04 was sighted during winters 1978-81 at Malheur National 
W ild l i fe  Refuge, Oregon. A small number of eagles winter a t  the 
refuge, feeding on wintering waterfowl (S. Thompson, pers. comm.). 
Malheur l ie s  d ire c t ly  on a path projected from the North Fork of 
the Salmon River through SF68's wintering area on the western Snake 
River to the Klamath Basin (F ig . 24). A wing-marked subadult was 
sighted in the Antelope Valley in northeastern Nevada in February 
1980 (F ig . 24). I t  appeared to be part of a small wintering  
population of 10-25 eagles that feed prim arily  on jackrabbits and 
livestock carrion and roost a t high elevations in the nearby Goshute 
Mountains (Beck 1980, Page and M il le r  1981). Two sightings were made 
on the Green River near Vernal, Utah; 1 a t W illard Bay on Great Salt  
Lake; and 1 on the Roaring Fork of the Colorado River near 
Carbondale, Colorado (F ig . 24). Eagles t ra d it io n a l ly  winter in  
each of these areas (Badame 1981; L. Fisher, P. Wagner, pers. comms.). 
The 2 sightings outside the Intermountain Region were made on the 
Madison and Yellowstone rivers in south-central Montana, east of 
the Continental Divide (F ig , 24).
Relocation f l ig h ts  during which no transmitter-equipped eagles 
were detected also provided information on winter d is tr ib u tio n .
During winter 1980-81 thorough aeria l searching of Wyoming, Colorado,
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eastern and southern Utah, northern New Mexico and Arizona, and 
western Washington fa i le d  to relocate additional eagles. Over 
2500 bald eagles w inter in these areas (Pramstaller 1981). However, 
the 3 sightings of wing-marked eagles on the Green and Roaring Fork 
of the Colorado rivers  indicate that some eagles associated with 
the Glacier concentrations winter in eastern Utah and western 
Colorado (w ith in  the Intermountain Region).
Aerial searching of lakes Coeur d'Alene and Pend O re il le  and 
associated drainages in the Idaho panhandle fa i le d  to relocate  
any transmitter-equipped eagles, and no wing-marked eagles were 
sighted in the panhandle. These observations suggest that the winter 
concentration a t  Lake Coeur d'Alene is not prim arily  derived from 
eagles that pass through G lacier, as was suggested by L int (1975).
SPRING MOVEMENTS 
Utah and Idaho
During la te  w in ter-early  spring 1981, 3 eagles that wintered 
in southeastern Idaho and northern Utah moved to the Great Salt 
Lake area (Fig. 25). JM72 had moved south to the west shore of 
the lake from American Falls Reservoir by 14 March. SF71 had moved 
to W illard  Bay from the Weber River Valley by 8 February, and JF69, 
la s t  located south of Bear Lake, was relocated a t W illard Bay on 
14 March. These movements coincide with the spring increase in 
numbers o f the winter concentration at W illard Bay. Numbers increase
Figure 2 5 . - -L a te  w in te r -e a r ly  spring movements o f  ba ld  eagles to
the Great Salt Lake area. Points represent relocations; 
lines represent inferred movements between points.
Solid c irc les  indicate wintering areas; open c irc les  
indicate la s t  winter locations.
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through the w inter to a peak in early  to mid-March, then decline 
rap id ly . As many as 250 eagles may be present a t this time (Badame 
1981). Eagles feed on w in te r -k i l le d  fish  and waterfowl a t W illard  
Bay and roost in  a high-elevation stand of Douglas-fir a t  W illard  
Canyon in the Wasatch Range (Swisher 1964, Badame 1981),
On 9 March 1981, AF74 moved to the north end of the Rush Valley.
She roosted that night a t the tra d it ion a l communal roost in Ophir 
Canyon, then continued north through Utah during the next 3 days, 
moving up the west slope of the Stansbury Mountains and the west 
shore of Great S a lt  Lake (F ig . 26). By 14 March she had moved 
through southeastern Idaho and into Montana. AF79 moved north to 
the Salmon River from the Snake River during 28-29 March 1981 
(F ig . 26). She remained on the r iv e r  near Salmon on the 30th and 
moved into  Montana on the 31st.
Oregon
AM70 l e f t  the Klamath Basin on 8 March 1981. He moved 
northeast, passing through Malheur National W ild l i fe  Refuge 
to the Powder River Valley (Fig. 26). From 9-13 March he remained 
in the v a l le y ,  roosting singly on a ridge east of Fisk Reservoir 
and hunting over the p ra ir ie  around Thief Valley Reservoir. He 
preyed on ground squirrels (Spermophilus spp.) that had recently  
emerged a f te r  w inter dormancy. He continued northeast to the 
Clearwater River, Idaho on 14 March and moved in to  Montana on the 15th.
Figure 2 6 .— Spring movements o f  bald eagles from w in te r in g  areas
to northwestern Montana. Points represent relocations; 
lines represent inferred and actual movements between 
points. Solid c irc les  indicate wintering areas.
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Montana
Eagles followed converging routes to northwestern Montana 
(F ig . 26). AF79 continued north through the B itte rro o t and Flathead 
valleys from the Salmon River and moved up the North Fork of the 
Flathead River to the B rit ish  Columbia-Montana border on 3 A p ril .
She moved across the Divide on the 4th. AM70 continued northeast 
from the Klamath Basin, moving from the Clearwater River to Ashley 
Lake, 30 km northwest of the head of Flathead Lake, on 15 March.
He moved slowly up the Middle Fork o f the Flathead River to the 
Continental Divide and crossed the Divide in Glacier National Park 
on the 18th. He roosted along the North Fork of the Milk River 
that night and moved into  Alberta the next day. AF77 moved north 
from the Blackfoot Valley on 19 March, up the Swan Valley , then up
the North Fork o f the Flathead River. She crossed the Divide into
Alberta a t Middle Kootenai Pass on the 22nd.
In 1980, AF64 followed the same route as AF79 and AF77 did in
1981. She moved up the North Fork from the Flathead Valley and 
crossed in to  Canada on 3 A p r i l .  AF45 had already crossed the 
Divide by 6 A p r i l ,  when she was relocated on the Two Medicine River, 
25 km east of Glacier National Park. She remained on the r iv e r  
u ntil  the 14th, when she moved into Alberta. During th is  8-day 
period she fed on ground squirrels on the p ra ir ie  near the r iv e r  
and roosted in riparian  cottonwoods.
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Southern Alberta
In 1981, 5 of the 6 adults were immediately east o f the 
Continental Divide when they began to move north through Canada.
In addition to those that were tracked through northwestern 
Montana, AF78 was relocated in southwestern Alberta on 4 A p r il .
Her w inter movements were unknown. All 5 adults followed sim ilar  
routes across the p r a ir ie ,  moving north along the eastern edge 
of the fo o th i l ls  that p ara lle l the Divide (Fig. 27). The 6th 
a d u lt ,  AF75, was relocated along th is route, northwest of Lesser 
Slave Lake, on 18 A p r i l .  She had probably followed the same path.
Eagles usually moved 100-300 km per day. Stormy weather and
unfavorable winds appeared to retard movement. AF79 remained in 
the Swan H i l ls ,  south o f Lesser Slave Lake, during an 11-13 April 
storm. AM70 stopped early  in the afternoon a f te r  f ly in g  into  a 
blizzard  near the North Saskatchewan River on 3 A p r il ,  The other 
adults responded s im ila r ly  to stormy weather. AM70 was the only
eagle that did not move d a ily .  He spent 23 March to 1 April on 
and near the Highwood River before continuing northward movement.
During th is  period he preyed on ground squirrels on private agricu ltura l  
lands south of the r iv e r ,  hunting an area that centered around an 
i r r ig a t io n  ditch which wound south from the r iv e r  through a coulee 
(F ig . 28), Dekker (1970) noted that bald eagles moving through the 
region commonly feed on ground squ irre ls . On most nights AM70 
roosted communally with 5-10 other eagles in a grove of r iparian  
cottonwoods. However, on 1 night he roosted with 15-25 other eagles
Figure 2 7 .— Movements o f  bald eagles through southern A lb e r ta .
Points represent relocations; lines represent in ferred  
and actual movements between points. Open c irc les  
indicate sightings o f wing-marked eagles.
64
Lesser
Slave
Lake
l-n.
A L B E R T A
i-n
kilometres
200
Glacier
National
Park
MONTANA
Figure 28 .—Area used by bald eagle AM70 (67 sq km) near the 
Highwood River, Alberta during 23 March - 1 April 
1981. Some points represent more than one relocation  
(n=26). Open c irc les indicate communal roosts.
65
ALBERTA
kilometres
66
in a small iso lated clump of conifers 20 km to the south. The 
eagles that passed more d ire c t ly  through the region also fed on 
ground s q u irre ls , hunting in the morning and evening, moving north 
in the afternoon, and congregating in small groups a t night.
Northern Alberta and Taltson River, N.W.T.
Near Lesser Slave Lake 2 routes diverged. In 1981, 3 adult  
eagles moved north-northeast, p ara lle l to the Athabasca River, 
toward Lake C la ire  in Wood Buffalo National Park and the east arm 
of Great Slave Lake, Northwest T err ito r ie s  (N.W.T.) (F ig . 29),
The other 3 adults moved north-northwest toward the west end of 
Great Slave Lake and Great Bear Lake, N.W.T. Eagles moved daily  
through northern A lberta , remaining in the same location only 
during storms.
AF77 was the f i r s t  to reach her summer range, a rr iv ing  at  
Lake C la ire  on 31 March (F ig . 29). She had moved 1320 km from her 
wintering area in the Blackfoot Valley , Montana in 13 days. At 
the north end o f the lake, the Peace River joins waters flowing 
from Lake C la ire  and Lake Athabasca (fed by the Athabasca R iver),  
forming the Slave River, which runs north to Great Slave Lake 
(F ig . 29). The junction of these lakes and rivers is a vast delta  
consisting o f interspersed smaller lakes, channels, and marsh.
AF77 and her mate remained associated with a nest s ite  on the delta  
during the spring but were unproductive. Her molted transm itter  
package was recovered 2 km from the nest on 18 July,
Figure 29 .—Movements o f bald eagles through northern Alberta  
and the MacKenzie D is t r ic t ,  Northwest T e r r i to r ie s .  
Points represent relocations; lines represent in ferred  
movements between points. Solid c irc les  indicate  
summer ranges.
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AM70 reached the Taltson River, N.W.T. on 9 April (F ig . 29).
He had covered 2160 km from the Klamath Basin in 35 days. The 
Taltson River winds through a labyrinth of lakes, r iv e rs ,  and 
streams southeast of Great Slave Lake (Fig. 30), eventually 
emptying into the lake north o f Wood Buffalo National Park. AM70 
remained on the Taltson a t and near Tsu Lake until 20 A p r i l ,  
when he moved back south to Robertson Lake in Wood Buffalo National 
Park (F ig . 31). But by 4 May he had moved back up to the Taltson 
near Yatsore Lake. He did not appear to be paired or associated 
with a nest s i te .
AF78 reached the Taltson on 23 April (F ig. 29). Her wintering  
location was unknown, but she had covered 1200 km in 19 days, a f te r  
being relocated in southern Alberta. She and her mate remained 
on the Taltson a t Benna Thy Lake until early May but did not 
appear to be associated with a nest s i te .  She also moved back 
south from the Taltson (F ig . 31); on 29 June she was relocated  
southwest o f Colin Lake, about 25 km north of Lake Athabasca.
JM73's transm itter package was located in water on the 
Lake C laire delta on 14 June 1981, 8 km from AF77*s nest s i te .
JM73 was not present in northern Alberta or adjacent areas in the 
Northwest T e rr ito r ie s  and Saskatchewan during April or early May.
He must have moved north to Lake C laire during la te  May to early  
June, when the area was unmonitored.
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Figure 3 0 .—Taltson River, Northwest T e rr ito r ie s .
Figure 31 .— Movements o f bald eagles AM70 ( --------- ) and AF78 ( ----------- )
between the Wood Buffalo National Park area and the 
Taltson River, Northwest T e rr i to r ie s .  Points represent 
relocations; lines represent inferred movements 
between points.
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Great Slave Lake, N.W.T.
On 16 April 1981, AF74 was relocated at Windy Bay on Great 
Slave Lake (F ig . 29), She had moved 2310 km north a f te r  leaving 
the Rush V a lley , Utah on 10 March. She and her mate remained 
associated with a nest s ite  a t Windy Bay through early May but 
were unproductive. A fte r moving up the Peace River, AF79 continued 
north along the west shore o f Great Slave Lake (Fig. 29). She 
reached Slemon Lake on the Snare River on 21 A p r i l ,  covering the 
2220 km from her wintering area a t American Falls Reservoir,
Idaho in 25 days. At th is time she was paired. She was not 
relocated on subsequent f l ig h ts .
Great Bear Lake, N.W.T.
AF75 was relocated a t her nest s ite  on the Leith Penninsula 
of Great Bear Lake on 22 June 1981 (Fig. 29). This s ite  is 
2690 km north of her la s t  w inter location on the Bear River, Utah 
and is 100 km south of the Arctic C irc le . On 12 July she was 
observed brooding an eaglet which appeared to be about 3 weeks old.
SUMMER DISTRIBUTION
All eagles summered in the Mackenzie D is tr ic t  o f the Northwest 
T e rr ito r ie s  or in extreme northern Alberta (Fig. 32). The d is tribu tion  
o f summer ranges roughly p ara lle ls  the northern l im it  of trees .
Figure 32 .--Summer d is tr ibu tion  of transmitter-equipped bald eagles.
Open c irc les  indicate summer ranges. The broken c irc le  
indicates AF79's la s t  spring location .
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which runs from the MacKenzle River delta on the Beaufort Sea 
southeast to the mouth of the Churchill River on Hudson Bay, 
and approximates the northern extreme of the bald eagle's breeding 
range (Brown and Amadon 1968, Godfrey 1979). Few eagles summer 
in southern Alberta. Aside from isolated nest sites at lakes in 
the Rocky Mountains, bald eagles breed only in northern Alberta 
(S a lt  and S a lt 1976; Godfrey 1979; A. Wisely, pers. comm.).
Eagles are most common in the northeast and extreme northwest 
corners of the province (Schaafsma 1974, Munson et a l .  1980).
Three sightings of wing-marked eagles were reported from 
Canada (F ig . 27). In spring 1981, 2 subadult eagles were sighted 
in southern Alberta: 1 in the Rocky Mountain fo o th i l ls ,  the other
along the North Saskatchewan River. In spring 1979 a subadult eagle 
was sighted along the North Fork of the Flathead River in B ritish  
Columbia, 21 km north of G lacier National Park. These sightings 
f a l l  along the northward route taken by transmitter-equipped  
eagles (F ig . 27).
DISCUSSION
Movements
All transmitter-equipped eagles wintered in the Intermountain 
Region and summered in the Mackenzie D is t r ic t ,  Northwest T err ito ries  
or northern Alberta (F ig . 33). There was considerable variation among 
eagles in autumn-winter movements. Four movement patterns were
Figure 3 3 .—Wintering areas (A) and summer ranges ( • )  o f  
transmitter-equipped bald eagles. Open figures  
represent la s t  winter ( A )  or summer ( O )  locations.
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apparent: (1) d irec t movement to a specific  location, winter a c t iv i ty
confined to a small area a t th is location; (2) d irec t movement to a 
general area, w inter a c t iv i ty  throughout th is area, concentrated at  
specific  locations within th is  area fo r  varying periods; (3) winter 
s p l i t  between 2 discrete areas, d irec t movement between these areas; 
(4) nomadic, moved several times during the winter or moved gradually 
throughout the w inter. In the s t r ic te s t  sense movements never were 
d ire c t .  At G lacier National Park the mean residency of transm itter-  
equipped eagles was 11 days following capture (n=20), and short stops 
of 1 to several days during periods of movement were the rule rather 
than the exception. Eagles seldom moved during the en tire  day; 
they usually foraged in the morning and moved during the afternoon, 
ra re ly  a t the rate which th e ir  f l ig h t  potential allows. Some eagles 
became part of major winter concentrations; others wintered singly or 
in small groups. Winter concentrations occurred where there was 
abundant, concentrated prey: salmon, jackrabbits , or waterfowl.
Habitats used during autumn-winter also were variab le , ranging from 
rivers  to wetlands to high-elevation cold desert.
Places such as American Falls Reservoir, Idaho; Woodruff Narrows 
Reservoir, Wyoming; and W illard Bay, Great Salt Lake, Utah serve a 
dual ro le .  Many eagles pass through these areas, spending 1 to 
several days before continuing on, while a smaller number of eagles 
is resident fo r the en tire  w inter or a large portion of i t .  The 
population a t a p art ic u la r  time is made up of both "transient" and 
"wintering" elements, and seasonal changes in numbers and age 
classes re f le c t  the dynamics of both components. Management of such
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areas has the potential to a ffe c t  many more than the maximum number 
of eagles counted on a single day. This should be taken into  
consideration during land-use planning and mitigation procedures.
During November-April as many as 5 times the maximum count of 
50-100 eagles may use the American Falls Reservoir area for periods 
ranging from 1 day to a l l  w inter, A s im ilar scenario probably 
characterizes areas such as the Rush Valley , Utah and the Klamath 
Basin, Oregon-California, but the re la t iv e  contributions o f the 
2 components are reversed. A large number of winter residents is 
probably augmented by smaller numbers of transients.
No pronounced age-related differences in autumn-winter movements 
were apparent from a regional perspective. However, many studies 
of local w inter ecology have shown asynchrony in a r r iv a ls ,  peaks, 
and departures of adults and subadults. In the West, adults arrive  
at most tra d it io n a l wintering areas before subadults (Edwards 1969, 
Servheen 1975, Stalmaster et a l .  1979); in the Midwest, the reverse 
occurs (Sprunt and Ligas 1966, Jonen 1973, Steenhof 1976). However, 
at Glacier National Park subadults a rr ive  and peak e a r l ie r  than 
adults (McClelland et a l .  1981).
Spring movements of adults were less variable than autumn- 
winter movements. Eagles followed converging routes to northwestern 
Montana before moving north into Canada. Routes followed to 
northwestern Montana approximated southward routes to wintering  
areas. Other than during inclement weather, only 1 transm itter-  
equipped eagle (AM70) stopped fo r more than 2 days during spring 
movement.
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Adults arrived a t summer ranges during A p ril .  This concurs 
with other observations of spring a r r iv a ls .  Francis and Lumbis 
(1979:175) noted that the f i r s t  a rr iva ls  in northeastern Alberta 
occur during "early A p ril" .  Adult eagles have been sighted as 
early  as 7 April a t  the northwest end of Great Slave Lake (Allen  
and Ealey 1979). In 1973 bald eagles were observed in the lower 
Mackenzie V a lley , west of Great Slave Lake, on 26 A p r i l ,  when 
observations began (S a lte r  et a l .  1974). The f i r s t  movements into  
and through the area probably occurred somewhat e a r l ie r .  In the 
upper Mackenzie Va lley , west o f Great Bear Lake, eagles were f i r s t  
observed in mid-May, 10 days a f te r  observations began, but 
"numbers were too small to allow assessment of migration patterns" 
(S a lte r e t  a l .  1974:38).
Additional information on a rr iva l dates can be obtained by 
back-dating from observations of nestlings. Such estimates place 
egg-laying in early  to mid-April in northeastern Alberta (Ealey 
1978), mid-April to early  May at the northwest end of Great Slave 
Lake and on the east arm of the lake (Bromley and Trauger 1974,
Allen and Ealey 1979), and la te  April in the lower Mackenzie 
Valley (Campbell and Davies 1973, cited in Allen and Ealey 1979). 
Back-dating the 12 July 1981 observation of AF75's eaglet places 
egg-laying in early to mid-May a t Great Bear Lake. Egg-laying 
appears to occur between a few days and 2 weeks a f te r  a rr iva l at 
nest s ite s .
These observations reveal a chronology difference of about 
2 weeks between the northern and southern Mackenzie D is t r ic t .  In
78
the southern MacKenzie D is t r ic t  and northern Alberta, most a rriva ls  
occur during early  to m id-April, and egg-laying occurs during mid 
to la te  A p r i l .  In the northern MacKenzie D is tr ic t  most a rr iva ls  
occur during mid to la te  A p r i l ,  with egg-laying during la te  April 
to mid-May.
Subadults moved north substantia lly  la te r  than did adults.
In 1981 no subadults were detected in Canada during mid-March to 
early  May. JM73 arrived a t Wood Buffalo National Park during mid- 
May to early  June, 4-6 weeks a f te r  adults arrived in the area.
SF66 was s t i l l  present on the upper Flathead River, Montana on 2 
May, a f te r  a l l  adults had arrived a t summer ranges in northern 
Canada. Many subadults, without a reproductive commitment, may 
delay northward movement rather than face severe cold and scarce 
food in northern Canada in spring. S a lter (1974) observed an 
increase in percent subadults from 1 2 %  (n=3) on 31 May 1973 to 
27% (n=12) on 8 August at Bistcho Lake, Alberta. The increase 
may have been due in part to la te r  a rr iva l o f some subadults.
The short southward movements made by AM70 and AF78 a f te r  
a rr iv a l  on the Taltson River may be ind icative  of the Taltson's  
status as a nesting area. Conditions on the Taltson may be suitable  
fo r successful reproduction only in some years. In years when the 
weather is too harsh and/or food is too scarce, eagles may depart 
the area shortly a f te r  a rr iv a l and return la te r  in the spring or 
summer. This s ituation  may be typical o f many areas a t the northern 
extreme o f the breeding range.
79
Communal Roosting
Eagles roosted communally a t  wintering areas and during 
periods of movement. Roost sites were variab le , ranging from 
r iparian  cottonwoods to high-elevation conifer stands, and roosting 
aggregations ranged from a few eagles to several hundred. Whether 
some form of social a ttra c tio n  among wintering eagles is responsible 
fo r communal roosting is unknown. In some instances communal roosting 
may be due to lim ited  a v a i la b i l i ty  of suitable roosting hab ita t,  
and in others most of the eagles in an area may independently select 
the same "best" roost s ite s . Regardless of causation, th is behavior 
may be important to eagles in several ways.
Functions suggested fo r avian communal roosting include 
predator avoidance (Lack 1968), food-information exchange (Ward 
and Zahavi 1973), energy savings (Kendeigh 1934), and population 
regulation (Wynne-Edwards 1962). Other authors have speculated on 
various social functions and the importance of communal roosting in 
group migration (summarized in Allen and Young 1982). Eagles and 
other large raptors probably do not roost communally to escape 
nocturnal predation; few i f  any predators would attack a roosting 
eagle. Bald eagles can s ig n if ic a n t ly  reduce nocturnal heat loss by 
f ly in g  to sheltered roosts, but an additional energetic advantage 
due to communality is improbable (Stalmaster 1981). Other recent 
studies have shown that birds which roost in the open and do not 
maintain body contact probably do not re a lize  a s ig n if ican t energy 
savings through communality (Kelty and Lustick 1977, Yom-Tov e t  a l .
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1977, Walsberg and King 1980). Most biologists re jec t the p o ss ib il ity  
of a population regulation function. I t  implies natural selection  
a t  the group le v e l ,  a concept that is regarded as highly improbable 
(Wilson 1975, Barash 1977).
The food-information hypothesis proposes that birds communicate 
information on food location and a v a i la b i l i ty  through behavioral 
cues transmitted a t  communal roosts or other areas of aggregation 
(Ward and Zahavi 1973). Several authors have suggested that the 
theory is applicable a t  communal roosts o f bald eagles (Servheen 
1975, Hansen 1977, Knight 1981). Joseph (1977) discussed this  
function with respect to communal roosts in the Rush Valley, Utah. 
McClelland e t  a l .  (1981) suggested that the hypothesis may be 
applicable a t  a regional le v e l.  They speculated that information 
regarding the a v a i la b i l i t y  of geographically-remote, temporary 
food sources may be transmitted among eagles a t  communal roosts used 
during seasonal movements. S im ila r ly ,  Waian and Stendall (1970:196) 
suggested that w h ite -ta ile d  k ites ' {Elanus leucurus) "nomadic social 
behavior [communal roosting and sh ifts  in roost location in response 
to prey concentrations] could have adaptive significance fo r  
explo iting cyclica l high mouse populations", k ites ' main prey.
Communal roosts may also f a c i l i t a t e  pairing . In 1981, 5 of 
the 6 transmitter-equipped adults became (re)associated with mates 
during the l a t t e r  part of northward movement or shortly a f te r  
a rr iv a l  a t  summer ranges. During the winter these eagles associated 
only casually with other adults a t feeding sites and roosts.
Communal roosts used during northward movement may serve a
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(re)association function for some eagles, providing the means of 
congregation necessary for pair-bond (re)establishment. Gurr 
(1968) suggested th is  function fo r communal roosts of Australasian 
harriers  {^CiTcus approximans) ,  I t  has also been suggested for  
communal roosts o f  rooks (Corvus frugilegus) and jackdaws { c .  
monedula) (Coombs 1961), and evening gatherings o f African black 
ducks (Anas sparsa) (S iegfried  e t a l .  1977). Meinertzhagen (1956:
535) noted that communal roosts provide the means of congregation 
fo r  migrating Montagu's and marsh harriers (Circus pygargus, C. 
aeruginosus) i  raptors which are "usually s o lita ry  or paired in 
th e ir  w inter quarters". A lte rn a tiv e ly , members of some pairs may 
return separately to summer ranges and reassociate there, responding 
to one another as a function of location , season, and reproductive 
physiological condition.
Orians (1961) suggested that gregariousness during the 
nonbreeding season may serve a social stimulation function, 
maintaining birds in a re la t iv e ly  advanced reproductive condition.
He noted that th is function would be most important to those 
species in which the selective advantage of a rapid, synchronous 
response to favorable conditions for breeding is great. He 
addressed his remarks toward blackbirds which must respond quickly 
to su itab le  conditions for breeding in seasonal wetlands, but the 
idea is applicable to breeding populations of raptors a t the northern 
extremes o f  th e ir  ranges. In the Northwest T e rr ito r ie s  optimum 
conditions occur during a re la t iv e ly  short period, and egg-laying 
occurs shortly  a f te r  a rr iv a l a t nest s ite s . Social in teraction  at
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communal roosts may f a c i l i t a t e  a more rapid reproductive response 
upon a r r iv a l  a t  summer ranges in spring.
In short, although these theories remain speculative, communal 
roosts are probably much more than places where large numbers of 
bald eagles sleep. They may serve additional functions that are 
important to survival and reproductive success. W ild l i fe  managers 
should view communal roosts in th is l ig h t .
Food Habits
Two aspects of eagles' food habits were noteworthy: the high
degree o f f l e x i b i l i t y  in d ie t  of individual eagles and the 
importance of a varie ty  of mammals in the d ie t .  The dietary  
eclecticism of bald eagles has been noted by many authors (Murie 
1940, Imler and Kalmbach 1955, Retfalvi 1970, Dunstan and Harper 
1975, Sherrod e t  a l .  1976, McEwan and Hirth 1980, Todd et a l .  1982), 
but a l l  food habits studies have been conducted lo c a l ly ,  and most 
have entailed  co llection  of food remains a t nest sites and perches.
A certa in  group of prey (f is h  or aquatic birds) usually dominated 
the d ie t .  Jackrabbits are the major food of bald eagles wintering  
in several arid  western valleys (P la t t  1976, Beck 1980, Harmata 1981). 
Domestic sheep {Ovis aires) carrion is an important winter food of 
eagles in the southern Gulf Islands, B ritish  Columbia (Hancock 1964). 
In other areas mammal carrion is a supplemental or minor winter 
food (summarized in Steenhof 1978).
I observed sharp changes in d ie t  as eagles moved from one
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area to another. Diets shifted completely, not jus t in the re la t iv e  
proportions o f constituents. The d ie t of most eagles changed 4 or 
5 times during the year. For example, AM70 fed on (1) kokanee salmon 
a t  G lacier National Park, (2) waterfowl and (3) voles in the Klamath 
Basin, (4) ground squirrels on the pra ir ies  of northeastern Oregon 
and southwestern Alberta, and (5) large mammal carrion in the Taltson- 
Wood Buffalo area in spring. He probably shifted to a d ie t  of 
predominantly (6) fish  in summer.
Eagles fed on jackrabbits , large mammal carrion (both wild and 
domestic), voles, and ground squ irre ls . Each mammal was a major, 
i f  not the sole, food in a certain area. Large-scale feeding on 
voles appears to be unique to the Klamath Basin. Aside from 
Dekker's (1970) note, ground squirrels have not been described as 
a major food of bald eagles. The a v a i la b i l i ty  of ground squirrels  
in spring may be p a rt ic u la r ly  important to adult bald eagles.
Feeding on ground squirrels during northward movement may allow  
them to maintain or increase energy reserves prior to a time of 
high energy expenditure. For some eagles the period immediately 
a f te r  a r r iv a l  a t the summer range may be the time of greatest 
thermal stress of the e n t ire  year, as well as being a time when 
extra energy is expended fo r reproduction. For 4-6 weeks a f te r  
a r r iv a l  a t summer ranges, wild ungulate carrion is the only major 
food availab le  to eagles. Egg-laying occurs during this time.
An adequate supply o f food during and immediately prior to this  
period may be c r i t ic a l  to reproductive success.
At Wood Buffalo National Park eagles fed on bison {Bison bison)
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carrion in spring. Bison die o f starvation , disease, and wolf 
{ C a n i s  l u g u s )  predation during winter (D. Anions, pers. comm.). 
Bison has not been described as a food of bald eagles in modern 
ornithology, but undoubtedly bison carrion was once an important 
winter food of bald eagles over much of western North America.
Productivity
In 1981, 5 of the 6 adults paired, 3 were known to occupy 
nest s ite s ,  but only 1 (AF75) was known to be productive. This 
suggests that breeding success may be re la t iv e ly  low in the 
MacKenzie D is t r ic t  and northern Alberta. Allen and Ealey (1979) 
found that the percent of nest sites that were occupied (60%) 
and successful (43%) a t the northwest end of Great Slave Lake 
and on the east arm of the lake (51% occupied, 36% successful) 
were lower than in areas of central Saskatchewan and Manitoba 
and northwestern Ontario (72-87% occupied, 55-59% successful). 
Sim ilar parameters calculated from data collected by Munson e t  al 
(1980) in northeastern Alberta are also re la t iv e ly  low (51% 
occupied, 30% successful, 3-year mean).
Allen and Ealey (1979:23) considered poor reproductive 
performance as the resu lt of human pressures "unlikely". They 
suggested that low reproductive success may be characteris tic  of 
the northern extreme of the breeding range, and considered that 
th e ir  results may have been influenced by th e ir  methods (see 
Steenhof and Kochert 1982). Lower average reproductive success
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would be expected at the northern extreme of the breeding range.
Here, there is a shorter favorable season fo r breeding, weather 
is  harsher, and food is scarcer during spring. Furthermore, 
because conditions are marginal even in average years, the effects  
of adverse weather and food shortages on reproduction are probably 
more pronounced than in areas fa rth e r south.
However, there also is a p o s s ib il ity  that in some areas bald 
eagle reproduction may be depressed by environmental contaminants.
Water pollu tion  appears to be a serious problem in the MacKenzie 
D is t r ic t .  Effluents and ta il in g s  from metal mines, both active  
and abandoned, appear to be a major source of pollutants. The 
primary toxicants from mines are heavy metals used in ore processing. 
Clarke (1974) found that a t 19 of 22 (86%) sites in Canada for  
which data were a v a ilab le , metal mines had adversely affected the 
aquatic community. In 1978 there were 9 active metal mines in the 
Northwest T e rr i to r ie s ,  8 in the MacKenzie D is tr ic t  (Hardin and 
Thackeray 1979). Elevated levels of heavy metals were detected in  
waters adjacent to a l l  sites (Stein and M il le r  1972; Falk e t a l .
1973a, 1973b; Hardin and Thackeray 1979). The most severe 
contamination eminated from 2 gold mines on Great Slave Lake (Hardin 
and Thackeray 1979). Effluents from 1 of the gold mines contained 
2 .9 -12 .8  ppm arsenic. Tissues of fish  from waters adjacent to the 
mine had elevated levels of arsenic, z inc, copper, lead, cadmium, 
and n icke l. Moore e t a l .  (1978) found maximum mercury concentrations 
o f 12.3, 4 .8 ,  and 2.6 ppm in the tissues of lake trout {Salvetinus 
namayoush) i  northern pike {Esox lucius) y and round whitefish
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{Prospiim c y l ■ ^ n d r ^ e ^ 0 7 l )  ^ respectively , in Giaque Lake on the McCrea 
River, north of Great Slave Lake, where a gold mine had been 
operated from 1946-68. Two and a ha lf tons of mercury were used in 
ore processing during the l i f e  of the mine, and "the process did 
not prevent the release of large quantities of mercury to the 
ta i l in g s "  (Moore e t  a l ,  1978:3). Tailings were released d ire c tly  
into the lake or deposited in se tt l in g  ponds from which they eroded 
into the lake. Mercury levels of 0.5 ppm in bald eagle eggs are 
considered detrimental to reproductive success (Todd 1979), and 
mercury is suspect in poor reproductive performance of w h ite -ta iled  
sea eagles {Halvaeetus albicilla) in Scandinavia (Henricksson e t  a l .  
1966, Jensen e t  a l .  1972).
Effluents from mines also have the potential to a ffe c t bald 
eagle reproduction by lowering food a v a i la b i l i ty  in waters adjacent 
to operations. Clarke (1974) found that a t 16 of 22 (72%) mine 
sites in Canada fo r which data were ava ilab le , the density and 
composition of the benthos was a ltered . At 8 (36%) sites the f ish  
community was reduced or a lte re d , and a t 2 (9%) sites the fish  
community was eradicated. Effluents from 9 of 11 (82%) mines for  
which data were availab le  were lethal to fishes in 96 hrs or less. 
Effluents from a gold mine on Great Slave Lake had 96-hr LCSO's 
ranging from 9.3-24.0% by volume fo r ninespine sticklebacks 
{Pung^itt-us pung'Ct'ius) ̂  white suckers {Catostomus commersoni) ,  and 
rainbow trou t {Salmo gairdneri) (Falk e t a l .  1973a).
Water po llu tion  also appears to be a problem in northeastern 
Alberta . In April 1982 walleye {St'lzostedlon vitreim) taken from
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Lake Athabasca were found to be unpalatable, and as a resu lt the 
f ishery  was closed fo r  the season. All (100%) walleye, northern 
pike, w h ite fish , and goldeye {Hiodon alosoides) sampled were 
contaminated (R. Mackowecki, pers. comm.). Phenols were the suspected 
contaminant, but th e ir  presence could not be confirmed.
There has been considerable controversy regarding the effects  
of colored marking devices on breeding of bald eagles and other 
raptors. Many opinions have been formed in tu i t iv e ly  or from 
isolated observations made inc id en ta lly  during other studies.
However, 2 recent papers have examined the topic in depth. Kochert 
e t  a l .  ( in  press) found no apparent adverse behavioral or physical 
effects  of patagial wing markers on golden eagles {Aquila chrysaetos), 
re d -ta ile d  hawks (Buteo jama'ùcens'ùs) ̂ and common ravens marked as 
nestlings. Breeding success of marked individuals did not d i f fe r  
s ig n if ic a n t ly  from that of unmarked ind ividuals . Markers were of 
various colors including green, blue, red, orange, yellow, pink, 
and white. Burley e t a l .  (1982) found that the response of zebra 
finches (Poephlla guttata) to marked conspecifics of the opposite 
sex varied depending on the color o f the marker. Female finches 
actua lly  preferred males banded with red over unbanded males, 
although they avoided males banded with l ig h t-b lu e  and light-green.
Males preferred females banded with black or pink and avoided those 
banded with l ig h t-b lu e  and ligh t-green . In l ig h t  of these findings 
and the fa c t that 5 of the 6 adults paired, I do not believe that  
the wing markers were responsible in any way fo r the low breeding 
success I observed.
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Bald Eagle Management
The extensive seasonal movements of many eagles make necessary 
a regional perspective in bald eagle management. A bald eagle's  
habita t is  best viewed as a web of geographically-isolated component 
habitats that c o lle c t iv e ly  f u l f i l l  the b ird 's  requirements. These 
components may be separated by hundreds or thousands of kilometres, 
but each serves an important function in the annual cycle of survival 
and reproduction.
The most coherent unit fo r  management of bald eagles and th e ir  
habitats a t the regional level appears to be a broad north-south 
zone, i . e . ,  a flyway. "Flyways are bio-administrative un its , th e ir  
boundaries representing compromises between biological and 
adm inistrative considerations" (Bellrose 1980:60). Poole (Bellrose  
1980:12) wrote:
More than two decades of cooperative e f fo r t  through 
these administrative units emphasizes th e ir  soundness for  
forging more e ffe c tiv e  management programs fo r waterfowl 
populations and th e ir  habitats. Much progress has been 
made, and more challenges await a ttention .
Few management systems have been as successful in achieving
international cooperation in w i ld l i f e  management.
Results of this study and other recently completed work
support application of the flyway concept to bald eagle management.
I suggest adoption of 5 such management units: P a c if ic , Intermountain,
Central, M ississippi, and A tlan tic  (F ig. 34). The Pacific Unit
includes Alaska; the Yukon; most of B rit ish  Columbia; Washington,
Oregon, and C a lifo rn ia  west of the Cascade and Sierra Nevada ranges;
Figure 3 4 ,— Potential management units for bald eagles.
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and the Baja Penninsula, Mexico. Hunt e t a l .  (1980) and Hunt and 
Johnson (1981) found that eagles from winter concentrations on the 
Skagit and Nooksack r iv e rs ,  Washington moved to the islands of 
Puget Sound, western B rit ish  Columbia, and southeastern Alaska. 
Conversely, Boeker e t  a l .  (1980, 1981) found that eagles from the 
Chilkat River, Alaska winter concentration moved throughout 
southeastern Alaska and to coastal B ritish  Columbia and northwestern 
Washington. Servheen and English (1979) observed that rehab ilita ted  
eagles released on the Skagit River moved to the San Juan Islands, 
Vancouver Island, and western B rit ish  Columbia. Their speculations 
on seasonal movements in the Pacific  Northwest have since been 
confirmed by the aforementioned studies. R. Frenzel (pers. comm.) 
observed that eagles marked a t the high Cascade lakes of west-central 
Oregon remained in the Pacific  Unit, and D. Garcelon (pers. comm.) 
found that eagles hacked in the Channel Islands, Californ ia  remained 
in th is  area.
The Intermountain Unit includes the MacKenzie D is tr ic t  of the 
Northwest T e r r i to r ie s ,  A lberta , parts of eastern B rit ish  Columbia 
and western Saskatchewan, and the Intermountain Region of the 
western United States. Results of my study demonstrate the 
cohesiveness of movements within this un it. Eagles wintering  
throughout the Intermountain Region converged and moved north 
through southern Alberta to disperse to summer ranges in northern 
Alberta and the MacKenzie D is tr ic t .
The Central Unit includes most of Saskatchewan, western Manitoba, 
and the Rocky Mountain Front and Great Plains states. Harmata (1981)
91
found that adult eagles from the San Luis Valley, Colorado winter 
concentration moved north to summer ranges in north-central 
Saskatchewan. Conversely, sightings of eagles marked as nestlings 
in north-central Saskatchewan f e l l  predominantly within the southern 
part o f the Central Unit (Gerrard e t  a l .  1974, 1978).
The Mississippi Unit includes eastern Manitoba, Ontario, and 
the Mississippi and Ohio va lley states east to the Appalachian 
Mountains. Most marked eagles sighted or recovered in Missouri 
were from areas fa r th e r  north in the Mississippi Unit, p a rt ic u la r ly  
Minnesota (G r i f f in  e t a l .  1980). However, several sightings of 
eagles marked in north-central Saskatchewan were made a t  Swan Lake 
National W ild l i fe  Refuge in north-central Missouri. Other 
observations indicate that most north-south movement occurs within  
the un it but also suggest that in the absence of a major topographic 
b a rr ie r ,  the tran s itio n  between Central and Mississippi units may 
be more gradual than that between other units (Southern 1963;
Dunstan 1973; Reese 1973; Harper and Dunstan 1976; Postupalsky 
1976a, 1976b).
The A tlan tic  Unit encompasses Quebec, New Brunswick, the 
maritime provinces, and states east of the Appalachians, Thirty-one  
of 38 (82%) o u t-o f-s ta te  recoveries of eagles banded as nestlings 
in Florida were within the A tlan tic  Unit (Broley 1947). Recoveries 
occurred throughout the u n it ,  from Georgia to the Maritimes. The 
other 7 recoveries (18%) were within the Mississippi Unit. Three 
eagles marked as nestlings in Maine were sighted in New Brunswick 
and Quebec, while a 4th was sighted in South Carolina (Todd 1979).
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M. McCullough (pers. comm.) observed movements of transm itter- 
equipped subadults between Maine and New Brunswick.
Exact boundaries can be refined by consultation with biologists  
and managers who are intim ately  fa m ilia r  with d is tr ibu tion  and 
movements of eagles in a p articu lar area, and with respect to 
adm inistrative considerations. As with waterfowl, some movement 
of eagles among flyways w il l  occur. Most such movements are apt 
to be made by juveniles and subadults.
In the conterminous United States management a t the regional 
level is the function of 5 recovery teams, each of which has 
respo ns ib ility  fo r a certain area (P a c if ic ,  Northern, Southwestern, 
Southeastern, and Chesapeake Bay). Regional boundaries were 
f ixed as a compromise between biological and administrative  
considerations (K. Steenhof, pers. comm.). Although from a 
continental perspective the recovery regions do not appear to be 
the most coherent management un its , they are adequate fo r the 
purpose fo r which they were established: to restore healthy
populations of bald eagles in the conterminous United States. In 
Canada and Alaska there is no coordinated management of bald eagles 
at the regional le v e l.
Development of a management system for long-term conservation 
of bald eagles is ju s t  as important as recovery of breeding 
populations in the conterminous United States. Over 90% of a l l  
bald eagles breed in Canada and Alaska, and thousands of these 
eagles winter in the conterminous United States. A flyway system 
that transcends international boundaries seems to o ffe r  the
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greatest potential fo r  e ffe c tiv e  regional management of populations 
and habita ts . Development and implementation of such a system 
should not be delayed until Canadian and Alaskan populations begin 
to decline. For too long Alaska and northern Canada have been 
regarded as in v io la te  wilderness strongholds where eagles' security  
is guaranteed. Energy developments, timber harvesting, mining, 
and human populations are rapidly expanding in the North. Breeding 
populations in Canada and Alaska are already experiencing the same 
pressures th at reduced populations in the lower states to th e ir  
present status. Development of an integrated management system 
must begin now, while large healthy populations s t i l l  remain, i f  the 
bald eagle is to remain a v iable  part of the continent's biota 
fo r  perpetuity.
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